Vegetable oil presents a very promising alternative to diesel oil since it is renewable and has similar properties to the diesel. In view of this, crude jatropha oil is selected and its viscosity is reduced by blending it with diesel. Since jatropha oil has properties which are similar to mineral diesel, it can be used in compression ignition engines without any engine modification. This paper presents the results of investigation carried out on a four-cylinder, four strokes and indirect-injection diesel engine. The engine, operated using composition blends of crude jatropha oil and diesel, were compared with mineral diesel. An experimental investigation has been carried out to analyze the performance characteristics of a compression ignition engine from the blended fuel (5%, 10%, 20% and 30%). A naturally aspirated four-stroke indirect injection diesel engine was tested at foil load conditions, speeds between 1000 and 3500 rpm with intervals of 500 rpm. Results obtained from the measures of torque, power, specific fuel consumptions, thermal efficiency and brake mean effective pressure are nearly the same between blended and diesel
Introduction
The viscosity of jatropha curcas oil which has been considered as a potential alternative fuel for the compression ignition (C.I) engine was decreased by blending with diesel. The blends of various proportions of jatropha curcas oil and diesel were prepared, analyzed and compared with diesel. The temperature of the viscosity of biodiesel and jatropha oil was also studied. The performance of the engine using blends of jatropha oil and diesel was evaluated in a multi-cylinder C.I. engine and compared with the performance obtained from diesel. The specific fuel consumption and the exhaust gas temperature were reduced due to the decrease in viscosity of the vegetable oil. Among the problems in using vegetable oil as fuel are inadequate fuel atomization and incomplete combustion. Crude jarropha(CJ) oil when used in diesel engine offers almost the same power output but with slight lower thermal efficiency.
Methodology
There are a few experimental steps in achieving the result for this project. First is to prepare the composition blend of crude jatropha oil. Second is to run properties test and third is to determine the engine performance.
1 Blending of crude jatropha oil
The MPW-305R centrifuge is the desktop laboratory centrifuge equipment with cooled rotating chamber. It is intended to separate mixtures, suspensions and systemic fluids into constituents of different densities under the influence of the centrifugal force. The centrifugal filters are able to separate the impurities and the dust in the crude jatropha oil. In a cycle, the machine will be able to filter about 360gm of oil at a revolution of 9000rpm which took about 30 minutes to complete. The process is to separate the impurities from the oil. The purified oil was later blended with diesel in various compositions that are J5, J10, J20 and J30.
2 Fuel Properties
Basic properties test was carried out to identify the parameters. All the blended crude jatropha oil (J5, J10, J20 and J30) which are produced will be examined for their qualities by the certified body. Nine parameters are to determine its properties. The parameters are listed in Table 3 . These parameters are quite expensive if being tested by third party. However, there are few parameters which were tested in-house such as viscometer, density, heating value and flash point. However the other five parameters such as ash content, cloud point, water content, pour point and carbon residue have been analyzed by certified company.
3 Experimental set up and measurement.
The experimental set up consists of an indirect injection diesel engine four stroke fuel injection system, a hydraulic dynamometer and an exhaust gas analyzer as shown in Fig 1. The engine is directly attached to the hydraulic dynamometer at a measuring range of torque. Table 2 and 3 show the specifications of engine and the dynamometer which were used in this experiment. The tachometer installed in dynamometer was synchronized with the engine speed. The air vessel attached to the engine which performed the air intake through the orifice and inclined manometer to measure the air flow. Fuel consumption was measured ftom the tank which supplies the biodiesel to the engine. The refrigerant valve was switched on in order to run the transducer cylinder. A test was conducted at the range speed between 1000 to 3500 rpm at an interval of 500 rpm at full load condition. The engine was first fueled with diesel to determine the baseline results and later, the engine was run using crude jatropha oil. The emission of NOx, CO, C0 2 and HC in the exhaust gas was taken using ANYCAR gas analyzer and was calibrated before each test. The K type thermocouple was attached to the exhaust to measure the exhaust gas temperature. About six samples of fuel were used for this test. The engine operated with the compositions blends of crude jatropha oil with diesel (J5, J10, J20, and J30) and was compared with diesel fuel. Besides emission, value of torque, power, brake specific fuel consumptions (BSFC), brake thermal efficiency (BTE) and brake mean effective pressure were determined. The fuels (diesel and jatropha oil) were analyzed for several physical, chemical and thermal properties and results are shown in Table 3 . The density, cloud point and pour point of crude jatropha oil were found higher than diesel. Higher cloud and pour points reflect unsuitability of crude jatropha oil as diesel fuel in cold climatic conditions. The higher viscosity in crude jatropha oil leads to difficulty in atomizing the fuel and caused higher emission of hydrocarbon. The flash point of crude jatropha oil was quite high compared to diesel. Hence, crude jatropha oil is extremely safe to handle. Higher carbon residue from crude jatropha oil may possibly lead to higher carbon deposits in combustion chamber of the engine. 
Torque
The variation of torque according to engine revolution for diesel and blended jatropha oil with diesel is indicated in Fig 3. Throughout the tested engine revolutions, torque outputs of crude jatropha oil blends are lower than that of diesel. As blended crude jatropha oil composition increases, lower output torques were observed. This was due to high viscosity and density of blended crude jatropha oil than diesel fuel that inhibit fuel atomization. The variation of BTE for diesel and blended Jatropha oil as function of engine speed are shown in Fig 6. Maximum BTE values are observed in the range between 1500-2500 rpm for all fiiels. J5 proved to be almost similar to diesel which provides higher BTE value than others at the range 1500-2000rpm. As a result of the higher viscosity, the thermal efficiency is lower with blended crude jatropha oil as compared to diesel. Overall, based on the graph, diesel shows the highest brake thermal efficiency.
The reduction in viscosity leads to improved atomization, fuel vaporization and combustion for the fuel in the engine. Both fuels are producing higher value of air fuel ratio at higher engine speed. The air fuel ratio is found to increase with the increasing of the concentration of the blended crude jatropha oil in all internal combustion engines since oxygen emission increase with the increase in engine speed. This helps the complete combustion. 
CONCLUSION
Based on the analysis done, engine performance which used diesel fuel was better than those which used diesel fuel blended with vegetable oil. Crude jatropha oil is found to be a promising alternative fuel for compression ignition engines. It can be directly used as vegetable oil as a replacement of diesel fuel with no engine modifications. Brake Specific Fuel Consumption and air fuel ratio for all blended crude jatropha oil composition were found to be higher compared to diesel. The value for the Torque, Brake Power, Brake Mean Effective Pressure and Thermal efficiency were lower for all blended crude jatropha oil composition compared to diesel. The existing engine could be operated on the crude jatropha oil blended with diesel without any modification.
As a whole, it is concluded that the blended crude jatropha oil can be directly used as fuel in diesel engine by blending it with diesel. In addition, crude jatropha oil blended with diesel is cheap and can become an alternative fuel in diesel engine instead of diesel fuel.
